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Figure 1. The 60-MHz nmr spectrum of 1 (top) and 4 (bottom)

taken in CCl; at 38°.

The nmr spectrum of 1 is depicted in Figure 1 and
shows the six vinyl protons at 7 4.15 and the two meth-
ylene protons at 7 6.88. Also shown in Figure 1 is the
spectrum of the same sample taken after 5 hr at 40°.
This spectrum is that of ¢is-8,9-dihydroindene (4). Itis
important to note here that no trans-8,9-dihydroindene
is produced as a result of the thermal 67 — 4727 elec-
trocyclic ring closure of 1.!* The nmr spectrum of 3
displayed a more complicated vinyl pattern for six pro-
tons at 7 4.22, a doublet for the methyl group at 7 8.88
(/ = 7 Hz), and the tertiary proton at 7 8.70 (complex
quartet). We have also taken infrared spectra of 1 and
3 in CCly and find no absorption at 965 cm™! character-
istic of a trans double bond.

These data clearly indicate that we have isolated and
observed directly 1 and 3. The question now remains
with regard to the degree of thermal stability of the cis,-
cis,cis,cis-1,3,5,7-cyclononatetraene skeleton. In qual-
itative experiments we have found that 1 has a half-life
of ca. 14 min at 40°. A more quantitative result pro-
vided by Dr. Gary Petrowski!? indicated that at 23° the
rate constant for the thermal transformation of 1 — 4 is
6 X 107% sec™!; the half-life for 1 at this temperature is
50 min.

Cyclononatetraene (1) now presents itself for further
study as a remarkably stable compound. There are

(12) One other compound is produced from 1 to the extent of about
7%; at present its structure is unknown,

(13) G. Petrowski, Ph.D. Dissertation, University of California, Los
Angeles, 1969,

many questions which can now be raised and hopefully
answered with respect to the properties and chemical
reactivity of this very interesting olefin, and we hope to
provide more information with regard to these points in
the near future.
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«a-Iminoglutarate Formation by Beef Liver L-Glutamate
Dehydrogenase. Detection by Borohydride or
Dithionite Reduction to Glutamate!

Sir:

The enzyme L-glutamate dehydrogenase catalyzes the
reversible oxidative deamination of glutamate to «-
ketoglutarate, with DPN or TPN as coenzyme.*~* The
over-all reaction, in analogy with other oxidations of
amines,’™® most likely proceeds through an interme-
diate a-iminoglutarate in at least two steps. Reaction 2

glutamate + DPN > a-iminoglutarate + DPNH (1)
a-iminoglutarate + H,O (__’ a-ketoglutarate + NH; (2)

was at first thought to occur spontaneously,® but later
studies have not shown evidence for the spontaneous
formation of the postulated a-iminoglutarate. ®4

We wish to present here direct evidence that the re-
verse direction of reaction 2 is enzyme catalyzed. We
have trapped the presumed «-iminoglutarate-!4C,
formed from a-ketoglutarate-'*C and ammonia in the
presence of glutamate dehydrogenase and absence of
coenzyme, by reduction to glutamate-!*C with sodium
borohydride or sodium dithionite. Representative re-
sults are shown in Table L.

The formation of glutamate was dependent on enzyme
and a-ketoglutarate concentration. Controls, not
shown, with omission of enzyme, a-ketoglutarate, or
borohydride, or with enzyme inactivated by heat, 10~3
M AgNO;, or 309 ethanol, or substitution of yeast al-
cohol dehydrogenase or bovine serum albumin for the
enzyme, did not result in significant glutamate forma-
tion. The borohydride appeared to reduce the a-im-
inoglutarate bound to enzyme, since glutamate was not
formed if borohydride was added before a-ketoglu-
tarate or if nonlabeled a-ketoglutarate was added before
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Table I¢
—Glutamate formed—
NaBH,, Moles/50,000 g
M Changes in expt nmoles of enzyme
0.02% None 132 1.65 %+ 0.17¢
0.02 2 g of enzyme 82 2.05
0.02 0.5 mg of enzyme 14 1.40
0.55¢ None 102 1.27 £ 0.42¢
0.55 0.005 M a-ketoglutarate 48 0.60
0.55 0.001 M a-ketoglutarate 13 0.17
0.55 0.0005 M o-ketoglutarate 4 0.05
0.55 0.0001 M a-ketoglutarate 1.6 0.020
0.55 NaBH, added before o- 0 0.00
ketoglutarate
0.55 Nonlabeled «-ketoglu- 0 0.00
tarate added, then
NaBH,, then labeled
a-ketoglutarate
0.02b 4 X 10~° M added DPN 96 1.20
0.02 4 X 10~° M added 332 4.15
DPNH
None 20 mg of Na,S,04 in 64 0.90

place of NaBH,

¢ Experiments were conducted at 0°, with reagents added in the
following order: glutamate dehydrogenase (Boehringer), 4 mg;
ammonium acetate, 0.2 M, pH 9.3; a-ketoglutarate-5-14C, 5 X
10’ dpm/mmole, 0.02 M, NaBH,, as noted below, or Na,S,0;.
The final volume was 1 ml. The mixture was incubated 10 min,
and then protein was precipitated with 1 A HCIO, and centrifuged.
Glutamate was separated by ion-exchange chromatography on
Dowex 50 and was assayed for 14C by liquid scintillation. ® NaBH,
in 10~3 M NaOH, added in 20 portions over 10 min. °® Average =+
standard error of mean. ¢ NaBHj, 5 mg, added as solid.

the borohydride. The reaction was unaffected by addi-
tion of 0.02 M DL-glutamate or 0.02 M pL-a-hydroxy-
glutarate, or variation of pH from 8.1 to 10.3. Several
experiments indicated that sodium dithionite could re-
place borohydride as reducing agent.

Kinetic studies with catalytic amounts of enzyme in a
similar system, with 1.6 X 10~* A DPNH and without
borohydride, have shown that the rate of over-all en-
zyme reaction depended on the concentration of a-keto-
glutarate in almost exactly the same manner as did the
formation of a-iminoglutarate.

The enzyme was specifically assayed for bound DPN
or DPNH by fluorometry of DPNH.® No bound co-
enzyme was detected, and the sensitivity of the method
enabled the detection of 0.03 molecule per enzyme sub-
unit. The nonmediation by coenzyme was corrobo-
rated by the effects on borohydride reduction of the ad-
dition of much larger amounts of DPN or DPNH
(Table D).

Curiously, about one or two molecules of glutamate
was formed per enzyme subunit of mol wt 50,000, re-
gardless of reaction conditions, suggestive of a stoichio-
metric reaction. The reason for this is not imme-
diately clear ; however, we have found that the enzyme re-
tained full activity under these conditions.

The product from borohydride reductions was iden-
tified as glutamate-1*C by gradient ion-exchange chro-
matography, recrystallization with carrier, and paper
chromatography in three different solvent systems. In
the latter, the radioactivity coincided with ninhydrin
color of added glutamate. The glutamate-'C was re-
crystallized with D- and L-glutamate -HCI after Graff,
Rittenberg, and Foster,!' and the results, shown in

(10) T. L. Chan and K. A. Schellenberg, J. Biol. Chem., 243, 6284
(1968).
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Figure 1. Carrier L- or D-glutamic acid hydrochloride was added
to portions of the labeled glutamate produced as described in
Table I, row 1. The carrier plus label was recrystallized from
water-acetone, and samples from each recrystallization were
assayed.

Figure 1, indicate that the glutamate formed from the
presumed enzyme-bound «-iminoglutarate was pre-
dominantly in the L configuration. The dithionite prod-
uct was identified as glutamate by ion exchange and
paper chromatography; the stereochemistry has not yet
been determined.

The stereochemistry of the glutamate from borohy-
dride reduction, the dependence on active enzyme, and
the correlation of over-all enzyme rate and extent of a-
iminoglutarate formation with the concentration of «-
ketoglutarate all suggest that the a-iminoglutarate for-
mation by the enzyme is a part of the enzyme reaction
rather than a side reaction or nonspecific reaction.
Further studies are in progress. In particular the effect
of ammonia concentration, analogs of ammonia, and
other reductive trapping agents will be investigated, and
attempts will be made to determine the reason for the
near-stoichiometric amount of a-iminoglutarate that is
produced.
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Spectral Evidence for the Existence of the Superoxide
Ion in Molten LiF-NaF-KF

Sir.

We wish to report the existence of an unusual oxidant
in molten LiF-NaF-KF (46.5-11.5-42.0 mole %) at
500°. We believe this oxidant to be the superoxide ion,
O,~. This solute species can be added directly to the

molten solvent (as NaO,) or can be generated by the
selective oxidation of oxide ion in the melt.
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